The Upper Palaeozoic sandstones in the east-central Ordos Basin have abundant tight gas reserves. Studies of the accumulation conditions and distribution patterns of sandstone tight gas reservoirs in this region might provide important guidance for future exploration. The current study found that this region has satisfactory gas reservoir accumulation conditions, based on a systematic observation and analysis of rock core (lithic) images and well logging, source rock geochemistry, and reservoir bed physical property data. The primary source rocks are widely dispersed and have generally entered the mature or over-mature stages of gas generation. The reservoir beds have poor physical properties and strong heterogeneity. The mudstones in the regional seal (i.e., the upper Shihezi Formation) are generally undercompacted and have sufficient sealing capability. Due to the presence of mudstone interlayers, the gas-bearing capacities of these gas reservoirs show a gradual decrease from the P 1 s 2 of Shanxi Formation toward both sides in a vertical direction. The horizontal distribution of the gas reservoirs is primarily concentrated in the sand bodies controlled by barrier island sand dams and subaqueous distributary river channel sediment microfacies. Tight sandstone reservoir beds usually contain gas, and "sweet spots" are the major high-yield regions in the area.
INTRODUCTION
The total volume of natural gas resources in Ordos Basin is 15.2×10 12 m 3 , which includes 10.4×10 12 m 3 of tight gas resources, accounting for 68% of the total resources. Currently, four super sandstone tight gas fields containing more than 10 10 m 3 of reserves have been found in the northern basin: Sulige, Wushenqi, Daniudi, and Shenmu. The size of the tight gas geological reserve is approximately 3.5×10 12 m 3 , which accounts for 84% of the natural gas geological reserves found in the basin (Zhang and Zhu, 2008) . Recently, three more sandstone tight gas fields with reserves of 10 10 m 3 have been found in the east-central Ordos Basin. The results of these explorations have attracted much attention. Many studies have examined the geological accumulation conditions and distribution patterns of the Upper Palaeozoic reservoirs in the Ordos Basin. Three sets of source rocks are found in the basin: Benxi, Taiyuan, and Shanxi (Liu et al., 2000; Yang et al., 2005) . Most of the source rocks in the basin likely entered a mature to over-mature stage when the organic matter reached the peak stage of hydrocarbon generation (Song et al., 1998; Min et al., 2000) . Environments with fluvial deposits and distributary channels in delta plains are among the major sites for reservoir development (Li et al., 2000) . A stable tectonic setting forms the regional seal of the upper Shihezi Formation and the direct seal of the upper Shanxi Formation (Deng et al., 2005) . The distribution of the gas reservoirs is subject to constraints imposed by the generation, reserve, and seal conditions, in addition to others; these constraints have resulted in accumulation within or near the source. Sand bodies in quality deltas are major areas of gas enrichment, and multi-factor sealing provides sufficient conditions for the development of gas reservoirs (Zhao et al., 2000; Li et al., 2009; Zhang et al., 2009 ).
GEOLOGICAL SETTING
The tectonic location of the east-central Ordos Basin is along the southeast Yishan slope, near the Jinxi Fault-fold Belt (Fig. 1) . Its topography is high in the east and north and low in the west and south (Fu et al., 2001) . Within the Upper Palaeozoic, the Benxi Formation developed during the Carboniferous; the Taiyuan and Shanxi Formations developed during the lower Permian; the Shihezi Formation developed during the middle Permian; and the Shiqianfeng Formation developed during the Upper Permian (Fig. 2) . In particular, the sandstone reservoir beds in the Benxi Formation, members P 1 s 1 and P 1 s 2 of the Shanxi Formation, and member P 2 h 8 of the Shihezi Formation are the area's major gas-bearing layers (Yang et al., 2012; Li et al., 2005) . The sedimentary environment for reservoir bed development was dominated by the barrier island sediment facies during the sedimentary period of the Benxi Formation and by the delta front subfacies during the Permian. This environment differs from that of the rivers and delta plains of the northern basin (Li et al., 2000) . The porosity of the four sets of reservoirs is generally lower than 10%, and the ground permeability is generally lower than 1 mD. These deposits are typical of sandstone tight gas reservoirs (Jiang et al., 2008; Zhao et al., 2012; Kazemi, 1982; Vackiner et al., 2011) .
Because shallow or deep-water sediments dominated most of the region during the late Palaeozoic, the development of reservoirs was poor, and the reservoirs have been explored less than those in the northern basin. Thus, the natural gas reservoir accumulation conditions, distribution patterns, and other issues require additional exploration. Therefore, the current study examined the basic accumulation conditions 658
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for sandstone tight gas reservoirs, such as source rocks, reservoir beds, and seals, using systematic observations and analyses of rock core (lithic) images and well logging, source rock geochemistry, and reservoir bed physical property data from 275 wells in the area. The distribution patterns of the tight gas reservoirs in the studied area were analyzed and summarized. This study aimed to provide direction and geological evidence for future natural gas explorations in the east-central basin. 
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EXPERIMENTAL METHODS
Seven hundred and fifty-four samples, including three hundred and forty-eight pieces of mudstone samples and four hundred and six coal samples, which belong to the Benxi Formation of Carboniferous, Taiyuan Formation and Shanxi Formaiton of Permian were taken from the one hundred and four wells. One thousand one hundred and ninety-eight reservoir bed samples were collected from drilling cores in two hundred and thirty-one wells. Sixty-four mudstone samples which distribute in Upper Shihezi Formation of Permian were analyzed as caprock. All analyses were performed at State Key Laboratory of Continental Dynamics, Northwest University, and the sampling wells are representative for the whole study area.
Source rock analysis
The organic carbon content (TOC) was calculated using LECO CS-400 carbon and sulfur analyzer. The samples were shattered to the particles which diameters were less than 0.2 mm, and Carbonates were removed from the samples with the concentrated 
Reservoir bed analysis
The porosity and permeability were carried out on the UltraPoreTM-300Helium porosimeter and UltraPeamTM-400air permeameter, respectively. The grain size, mineral content and reservoir space types were investigated by observing the casting thin sections under the LEICA DMRXHC optical microscope and the pictures captured by FEI Quanta 400 FEG scanning electron microscope. Interstitial materials content was calculated by RIX2100X fluorescence spectrophotometer. Mercury injection experiment was carried out on a 9220IImercury gauge.
Seal analysis
The seal breakthrough pressure was considered as the mercury injection breakthrough pressure which was measured by mercury injection-adsorption method, and the value can be read from the full aperture capillary pressure curve of the rock at the 10% gas/water saturation (Fan et al., 2011) .
ACCUMULATION CONDITIONS 4.1. Source rock
The Upper Palaeozoic source rocks in the east-central Ordos Basin include marineand transitional -facies -deposited dark mudstone, coal, and a small amount of limestone (Yu et al., 2012; Gan et al., 2007; Zheng et al., 2007) primarily developed in the Permian Shanxi, Taiyuan, and Benxi Formations. Of these components, coal and dark mudstone are the major source rocks widely distributed in the basin (Xiao et al., 2005; Gong et al., 2008) . Because the Upper Palaeozoic source rocks of the area have entered the mature or over-mature stage (Table 1) , thermal evolution has caused the total organic carbon (TOC) to be lower than the hydrogen index, hydrocarbon generation potential (S 1 +S 2 ), chloroform bitumen "A", and other parameters. Thus, TOC is the primary indicator that, in combination with other parameters, can be used to evaluate source rocks of various formations in the region. The cumulative thickness of the coal beds of various formations in the east-central Ordos Basin ranges between 6~28 m. The primary coal bed has a single-layer thickness of 6~15 m and is widely spread in the area. The deposition centers in the Zichang-Yanchang-Yan'an area are relatively thick in the north and east and thin in the south and west. With regard to the geochemical characteristics, the TOC is high, ranging between 17.23% and 64.57%; the chloroform bitumen "A" content is generally lower than 0.02%; the hydrocarbon generation potential and hydrogen indices are low; R o is generally greater than 3%; and the primary kerogen type is humic (Table 1) . Dark mudstones are extensively developed in this area, with a thickness between 33 m and 136 m and an overall trend similar to that of the coal beds. However, areas with relatively thick mudstone beds are far greater than the areal extent of coal bed distribution and are primarily located in the Suide-QingjianYanchuan-Yanchang-Yichuan area and the Zhidan-Ansai region. The TOC of dark mudstone is 0.07%~18.33%; the chloroform bitumen "A" value is generally low; R o ranges from 1.59%~3.85%; and humic kerogen can be found with a small portion of sapropel-humic kerogen (Table 1) .
Overall, the coal and mudstone in the study area have large cumulative thicknesses and are widely distributed. The TOC values of both types of source rocks have reached the standards for satisfactory source rocks. The relatively high R o values indicate that these source rocks are in the mature or over-mature stages. Chloroform bitumen "A", the total amount of hydrocarbon, and the hydrocarbon generation potential are closely related to the maturity of organic matter and are affected by hydrocarbon migration. The conversion of organic matter into hydrocarbons and the large amount of discharge result in few low indicators among highly mature source rocks. In addition, the humic kerogen provides sufficient conditions for hydrocarbon generation and a foundation for gas sources in the region.
Reservoir bed
The Palaeozoic stratum in the Ordos Basin was primarily formed during the complete transgressive-regressive sedimentary cycles of the middle Carboniferous epicontinental seas and the Permian inland lakes (Zhao et al., 2006; Zhang et al., 2005) . Given this activity, the reservoir beds formed during the sedimentary period of the Carboniferous. 662
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The Benxi Formation in the east-central basin was primarily developed from the sand dam and sand flat microfacies in the environments of the barrier island-tidal flat sediment microfacies. The Permian Shanxi Formation and the reservoir beds of the Shihezi Formation were primarily developed in the subaqueous distributary channels and the estuary dam sediment microfacies of braided river delta fronts.
The sands in the Benxi Formation are between 2 m and 29 m thick, and the beltshaped sand body is distributed parallel to the coastline. The lithology is primarily quartz sandstone, with a low porosity-permeability correlation, an average porosity of 4.61%, and an average ground permeability of 0.79 mD. The clastic particles are primarily coarse and medium in size. The reservoir bed thicknesses of P 2 h 8 , P 1 s 1 and P 1 s 2 range from 4~34 m, 4~32 m and 2~24 m, respectively. The lake level during the Permian fluctuated frequently, and the river channels migrated over different time periods, resulting in multi-stage sand bodies that stacked vertically. However, the horizontal continuity is poor because of the narrow subaqueous distributary channels and segmentation of the reservoir beds in an east-west direction by the subaqueous interdistributary bays. The lithologies of the three target members are primarily quartz sandstone, lithic quartz sandstone, and lithic sandstone, respectively, and the clastic particles are primarily coarse particles. The porosity-permeability correlation is low, and the average porosities are 6.14%, 5.01%, and 4.49%, respectively. The average ground permeabilities are 0.389 mD, 0.283 mD and 0.749 mD, respectively.
The reservoir beds of the four target members have high levels of interstitial materials (which are primarily siliceous dolomite and ankerite, followed by siderite) and include interstitial materials such as kaolinite, mica, and iron hydromica ferrocalcites. The capillary pressure curve is steeply inclined with small flexure, which indicates that this type of reservoir bed has medium sortability, strong heterogeneity, low connectivity, uneven pore structure, and relatively poor physical properties. The reservoir space is composed of primary pores, intergranular residual pores, inter-and intragranular dissolution pores, intercrystal pores between authigenic minerals, and a small number of micro-fracture pores.
Seal
Upper Palaeozoic mudstone is widely distributed across the east-central Ordos Basin; however, the thicknesses of the different mudstone strata vary Hao et al., 2010) . The thicknesses of the Lower Shihezi and Shanxi Formations are approximately 5~80 m, with poor continuity. The mudstone thickness of the Taiyuan Formation varies greatly; it is thick in the west (10~30 m) and thin in the east (0~20 m). Mudstones are widely distributed across the Upper Shihezi Formation, with a modal thickness greater than 15 m and a maximum thickness of 130 m (Fig. 2) . The mudflat swamp deposition of the Taiyuan Formation and the interdistributary bay mudstones of the Shanxi and Lower Shihezi Formations serve as a direct seal for the underlying reservoir beds. The depth is smaller than that of the Upper Shihezi Formation, and the overall mudstone distribution is unstable; thus, they only provide acceptable sealing in certain areas.
As a regional seal for the gas reservoirs in this area, the Upper Shihezi Formation has an acceptable sealing capability, with an absolute gas permeability ranging from
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663 -5~1 0 -4 mD and a gas-saturated breakthrough pressure of 1.5~2.0 MPa. Mudstones are rich in dilatant minerals, with an illite content primarily between 0.1% and 16.58%, a smectite and illite-smectite mixture content ranging from 0.4% to 8.5% (mean=2.9%), and a kaolinite content ranging from 0 to 16.7% (mean=1.3%). The acoustic travel-time depth curve shows significant high anomalies in the upper and lower members of the Upper Shihezi Formation, indicating that the mudstones in the Upper Shihezi Formation of the study area are mostly undercompacted (Fig. 3) . In addition, the normal compaction in the upper and lower mudstones of the Upper Shihezi Formation causes a large amount of pore fluid to be enclosed in the undercompacted member of the Upper Shihezi Formation, resulting in excessive pressure within this member, which serves as a "high-pressure seal" for the underlying gas reservoir. 
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GAS RESERVOIR DISTRIBUTION 5.1. The presence of a mudstone interlayer alters the vertical gas enrichment
Multiple sets of reservoir bed-seal assemblages are found in the Upper Palaeozoic stratum of the east-central Ordos Basin, which have primarily developed into interbedded reservoir beds and seals. The thicker mudstone seal mostly developed above the reservoir bed, serving as a partial seal (Fig. 2) . Multiple mudstone interlayers exist between the source rocks and the reservoir beds, effectively blocking gas diffusion from the source rocks to the reservoir beds, resulting in significant differences in the gas-bearing capacities of the target members in a vertical direction. Significant differences are found in the gas-bearing capacities between the upper and lower members of the Upper Shihezi Formation, which is the regional seal of the Upper Palaeozoic strata in the east-central Ordos Basin. The Shiqianfeng Formation (which is above the regional seal) has an average gas saturation of only 13.6% despite its developed reservoir beds and seals. The secondary gas reservoir formed exclusively in the Shiqianfeng Formation due to thinning or damaged seals in Shenmu and Mizhi in the north-eastern basin and in the Tianran #1 well of the western basin (Li et al., 2007) . The Benxi, Shanxi, and Shihezi Formations are the major gas-bearing strata found in the area below the regional seal, and their gas-bearing capacities are significantly higher than those of the overlying layers, with average gas saturation greater than 50%. Furthermore, differences exist in the gas-bearing capacity among the target gas-bearing strata due to the presence of multiple mudstone interlayers (Fig.  2) . In particular, the gas-bearing capacity of the P 1 s 2 source rocks is the greatest, with a cumulative diffusion and accumulation intensity of 0.8×10 8 m 3 /km 2 . The cumulative diffusion and accumulation intensity of the Benxi Formation, P 1 s 1 , and P 2 h 8 are only 0.56×10 8 m 3 /km 2 , 0.69×10 8 m 3 /km 2 , and 0.68×10 8 m 3 /km 2 , respectively. The overall gas-bearing capacity shows a gradual decrease from P 1 s 2 towards the target strata on both sides (Fig. 2) .
The sand bodies of reservoir beds control the natural gas distribution in the transverse direction
The sedimentary system of barrier islands, tidal flats, and delta fronts predominated during the late Palaeozoic in the east-central Ordos Basin (Jiang et al., 2011) . Exploration has shown that the horizontal distribution of natural gas is primarily concentrated in areas dominated by barrier islands, tidal and sand flats, and delta front subaqueous distributary channels. In these natural gas enrichment zones, the major target Permian strata are the parallel north-south trending elongated belts, whereas the Carboniferous Benxi Formation is distributed parallel to the coast as a discontinuous elongated belt. In particular, the P 1 s 2 gas layer is primarily concentrated in the central regions of Yan'an and Zizhou-Yanchang, and the latter is the largest. The P 1 s 1 gas layer is concentrated in the central regions of Zichang-Ansai and Yanchuan-Yichuan; the P 2 h 8 gas layer is primarily concentrated in the eastern Yanchuan, Yanchang, and Yichuan areas; and the gas layers of the Benxi Formation are primarily concentrated in the eastern Yanchang and Yichuan areas. The gas-bearing regions match the major sand body well, which indicates that the sand bodies of the reservoir beds strictly control the range of horizontal distribution (Fig. 4) .
Sand bodies in barrier islands/tidal flats are major sites of natural gas enrichment
Sand bodies that have developed in the sand dams of barrier islands and in the sand of tidal flats (which developed in the east-central Ordos Basin during the sedimentation period of the Carboniferous Benxi) are the major reservoir beds of this area. The sand bodies of the sand dams are the most widely distributed in the region, primarily along and to the east of the Jingbian-Ganquan-Huanglong line. The sand body from the sand flats is parallel to the sand body of the barrier island sand dams and is distributed to the west of the Jingbian-Ganquan-Huanglong line (Fig. 4a) . The overall sand body of the Benxi Formation is distributed parallel to the coastline as a fragmented belt, with poor connectivity in both the vertical and horizontal directions; a contiguous distribution is only found in the eastern region of Yanchang due to stacking of the barrier island sand bodies across multiple periods. The sand bodies are small, but most contain gas. The sand bodies extend seaward to the marine mudstone and jut out landward to the impermeable argillaceous marshes, tidal flats, and lagoons, thereby forming an ideal lens trap in the simple structure of the basin (Zhou et al., 2012) . Drilling in the thicker parts of a sand body showed that the gas production of a single test well was high, usually with an unimpeded flow of more than 1 to several 10 5 m 3 /day; some wells reached 10 6 m 3 /day. The gas-bearing areas of the Benxi Formation are primarily distributed in the thicker parts of the sand bodies in sand dams, while few are distributed in the sand bodies of sand flats. 
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The sand bodies of subaqueous distributary channels are also major sites of gas enrichment
The sedimentary environment and the sedimentation of deltas promote hydrocarbon generation, migration, accumulation, and preservation. The world's major oil and gas fields are related to delta sedimentation systems (Fu et al., 2001) . The delta front subfacies were the major sedimentary bodies in the Permian east-central Ordos Basin, and the subaqueous distributary channels and estuary sand dam microfacies were the major areas for sand body development. As the region's most favorable reservoir bed, the subaqueous distributary channel sand body has a large thickness, coarse granularity, high porosity, and high permeability. For example, four subaqueous distributary channels were developed in the P 1 s 2 member of the east-central Ordos Basin (i.e., the Zichang-Ansai, Zizhou-Yanchang, Suide-Yanchuan, and HuanglongLuochuan subaqueous distributary channels; Fig. 4b ). In particular, the Zichang-Ansai and Zizhou-Yanchang subaqueous distributary channels have the highest gas-bearing capacities. Their gas-bearing regions are primarily distributed in the major sand bodies of the subaqueous distributary channels, with a small portion distributed in the sand bodies of estuary dams.
Sweet spots in tight gas sandstone are enriched zones with high yield
Sandstone tight gas reservoir beds with low porosity and permeability predominate the east-central Upper Palaeozoic Ordos Basin. Due to sedimentation and diagenesis, these reservoir beds are highly heterogeneous (Chen et al., 2007) and significantly segmented, and they vary largely in the gas enrichment inside the layer. For the same layer and gas source, the sandstone reservoir beds with high porosity and permeability have better pore-throat structures and lower pore water resistance for natural gas displacement; therefore, they are easy to charge and have a high yield. Small pores and throats dominate reservoir beds with low porosity and low permeability and require high initial natural gas filling pressures. These beds have a large migration resistance and are difficult to charge; thus, the yield is relatively low. The accumulation of charging controlled by the reservoir heterogeneity results in natural gas enrichment that concentrates in a sweet spot with high porosity and high permeability (Fig. 5) . Analyses of physical properties, microscopy examinations of thin rock sections, and gas-production test data from more than 200 test wells in the region showed that the region's sweet spots are primarily located in sites with coarse granularity and satisfactory sortability (Y272 wells), developed under dissolution (e.g., Y288 and Y270 wells) or in fault-fold belts (e.g., Y127). Sites with coarse granularity and satisfactory sortability are primarily located in the major channels of subaqueous distributary channels, where the hydrodynamic force is strong, but the sources of authigenic minerals are few. In these sites, the quartz content is high, cementation is weak, the compressive strength of the stone is high, more primary pores are reserved, and the level of reservoir densification is low. These sweet spots are primarily located in the east and central regions of the study area among developed sand bodies of the river sand barrier islands. Lithics and cements such as carbonate inside the reservoir are easily reformed and dissolved in the late stages, forming secondary pores and improving the porosity and permeability of the reservoir. Layer-wise, sweet spots formed by dissolution are primarily located in P 2 h 8 and P 1 s 1 , in addition to being horizontally and primarily distributed in the Yanchang-Yichuan area. The tectonic fold belts are primarily located in the eastern portion of the studied area near the western Shanxi flexure zone, where the lifting action is stronger than in the central and western regions of the study area. As a result, a partial slope fold belt formed along the Yanchuan-Yanchang-Yichuan line, where more tectonic-born micro-cracks have developed than any other area; furthermore, the reservoir bed permeability is 10 to 100 times greater than that of the surrounding area (Fig. 5) .
DISCUSSIONS
Source rocks and seals in the east-central Ordos Basin developed in similar layers, with characteristics similar to those in the northern basin. Unlike the northern basin, where delta plains or fluvial facies sedimentation dominated, delta front and barrier island/tidal flat sedimentation dominated the sedimentary environment in the eastcentral basin. The different depositional environments determine the large differences in reservoir development, resulting in the different natural gas distribution patterns in the area.
Affected by the sedimentary environment, reservoir beds basically extend north and south, trending along the subaqueous distributary channels or the barrier island sand dam sedimentary environment. In the east-west direction, they are separated by subaqueous interdistributary bays or lagoon sedimentary environments and become discontinuous (Fig. 4) . Because delta fronts dominated the Permian in the study area, the subaqueous distributary channels in which reservoirs developed were much smaller than the fluvial delta plain or river facie channels; thus, the horizontal extent and vertical thickness of the reservoir beds are much smaller than those of the northern 668 Figure 5 . The relationship between single-well production and porosity/permeability in the stratigraphic profile of the east-central Ordos Basin.
basin. In addition, due to its distance from the northern province, low hydrodynamic forces, and other reasons, the lithology of the reservoir beds in the area is mostly quartz sandstone with a high interstitial material content, active diagenesis, and a porosity and permeability lower than that of the northern area. Previous studies on the reservoir accumulation of the northern area have primarily searched for "sand bodies near the source with well-developed seals". Due to changes in the sedimentary environment, vertical and horizontal reservoir heterogeneities that are higher than those in the northern region, etc., the method of searching for a source of natural gas by solely relying on hydrocarbon source rocks cannot meet the requirements of modern natural gas exploration in the east-central area. Therefore, examining the distribution patterns of natural gas based on a study of accumulation conditions and starting with an analysis of the regional reservoir changes provide practical guidelines for future natural gas explorations in the east-central Ordos Basin.
CONCLUSIONS
(1) Upper Palaeozoic source rocks are widely distributed across the east-central area of the Ordos Basin. These rocks have a large cumulative thickness, high TOC, and R o values indicating that they have entered the mature and overmature stages of gas generation. The reservoir beds of the Benxi Formation were primarily developed in the sand dam microfacies of barrier islands, and they are distributed parallel to the ancient coastline as a discontinuous belt across the entire area. The reservoir beds of members P 1 s 2 , P 1 s 1 , and P 2 h 8 are primarily distributed in the subaqueous distributary channel microfacies. The lithology of the reservoir beds is primarily quartz sandstone. Moreover, the reservoir beds have poor pore-throat structures, high internal heterogeneity, and (typically) low porosity and permeability. As the regional seal for the entire area, the Upper Shihezi Formation has a large thickness, low absolute gas permeability, high dilatant mineral content, and (typically) undercompacted mudstones, which serve as a "high-pressure seal" for the underlying gas reservoirs. (2) The presence of the mudstone interlayer causes differences in the vertical gas enrichment of the gas reservoir. The gas-bearing capacity of the Shiqianfeng Formation, which is on top of the Shihezi Formation, is far below that of the layers beneath this formation. Furthermore, the major gas-bearing capacities of the primary gas-bearing layers gradually decreased from P 1 s 2 on both sides. The sand bodies of the Upper Palaeozoic reservoir beds determine the horizontal distribution of the gas reservoirs. The gas layer of the Benxi Formation is primarily concentrated in the eastern Yanchang and Yichuan areas. The P 1 s 2 gas layer is primarily concentrated in the central regions of Yan'an and Zizhou-Yanchang, and the latter is the largest. The P 1 s 1 gas layer is concentrated in the central regions of Zichang-Ansai and YanchuanYichuan, and the P 2 h 8 gas layer is primarily concentrated in the eastern Yanchuan, Yanchang, and Yichuan areas. In these regions, sweet spots with coarse granularity, sufficient sortability, and developed dissolution or tectonic slope fold belts became major sites with high natural gas yields.
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